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(57)[ABSTRACT OF THE DISCLOSURE] 



[mm] [SUBJECT OF THE INVENTION] 

^3§BJ!tex $£%>0$i%:i&T-f This invention should provide the manufacturing 

STiN^^fe^fDJI^^lO ju m method of Ti-containing steel whose length of 

UT<D-£Tim<DMmjjm%&& the TiN type inclusion which falls a fatigue life is 

i~Z>Z.h 0 1 0 micrometer or less. 



[PROBLEM TO BE SOLVED] 

The manufacturing method of the Ti-containing 
steel which made the TiN type inclusion fine and 
is characterized by making as the electrode 
Ti-containing steel, which is manufactured by 
dissolving and casting the raw materials for 
Ti-containing steel which does not contain a 
return material with a vacuum induction furnace, 
and dissolving again by a vacuum arc solution 
process. 
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[CLAIMS] 



[ffjfcJgl] [CLAIM 1] 

TiN^^^E^^-a^/^V^-aTi The manufacturing method of the Ti-containing 
mmmm^nQWM'fc-VfeM steel which makes the TiN type inclusion fine 
U ^jsLTMisbfc^Tii^M^r and is characterized by making as the electrode 
MMtLXMQT— ?%&f$ifeVW Ti-containing steel, which is manufactured by 
¥&Mi~ ; b^t$:Wl%.tirZ)TiN& dissolving and casting the raw materials for 
fr&yv&WMzl- 3-aTi®5)<DM Ti-containing steel which does not contain the 
3s^"fio TiN type inclusion with a vacuum induction 

furnace, and dissolving again by a vacuum arc 

solution process. 

[fit**S2] [CLAIM 2] 

TiN^^&^Sr'a^ft'^iirTi a manufacturing method of the Ti-containing 

ffiRlW.tt'ft&MQMMfc'Vfelft steel which makes fine the TiN type inclusion, 

U ^5tLT^5tLfcaTi^^ which dissolves the raw material for 

liti^LT^^^l/^hn^y^^ Ti-containing steel which does not contain a TiN 

fiffe-CBj^^U fL^coKS?^ type inclusion with a vacuum induction furnace, 

l/^hD^7^^^&-c^?LfcS it dissolves again by a vacuum electro slag 

MMU^Ws^tLXM^T— ?M solution process by using as the electrode the 

M^X^MMir^b^WMt-t Ti-containing steel materials casted and 

5TiN^^fe^£1$iB^1-<5*aT manufactured, furthermore, it dissolves again 

iiP^iSJajl^feo by a vacuum arc solution process by using as 

the electrode the re-dissolution material 
dissolved by this vacuum electro slag solution 
process. 

[ft *f 3] [CLAIM 3] 

±!BK2cT— ife^iS A manufacturing method of the Ti-containing 

Wffi-M (i^ M-kfcVmix.fcO. 4c steel which makes fine the TiN type inclusion of 

m/ ' ftUyxfo^b^W^b-f Claim 1 or Claim 2, in which a speed after bath 

SH^ 1 ! lXtefi^^2f2ic<£>Ti of the re-dissolution by the above-mentioned 

N^j\-tE^%WM^irZ>i£Ti§$ vacuum arc solution process is 0.4 cm/min or 

<DWm.jjfeo less. 
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[DETAILED DESCRIPTION OF THE 
INVENTION] 



[0001] 



[0001] 



[TECHNICAL FIELD OF THE INVENTION] 

#38$jWt> -a'Wt" 5TiN^^£ This invention relates to the manufacturing 
^}^:WM\^'ir^)-^jv^-—i/y^ method of Ti-containing steel, such as a 
W£2<0'gTi9HDW&j5fe\zM maraging steel which makes fine the TiN type 
i~<5 0 inclusion to contain. 



[0002] 



[0002] 



rm±. mm. &&&m<. mm 



[PRIOR ART] 

Since the maraging steel which is 1 type of 
Ti-containing steel has high hardness, high 
strength, and high fatigue characteristics in hot 
space and cold space, it is used for the 
application of various metallic-moulds, 
solid-rocket, super high-speed centrifuge, and 
torque-transmission axis, a powerful gearwheel, 
etc. 

This maraging steel dissolves generally the 
vacuum derivative melting material dissolved 
and manufactured by the vacuum induction 
melting furnace by the vacuum arc 
dissolving-again method, it manufactured by the 
duplexing method to cast. 



[0003] [0003] 

Z<D~Mfefflf£lZ> 5tfl^l First, (1) alloy composition adjusts this 

9>:IFld«fcoT(1)'o'&$#<7)P3S duplexing method with a vacuum induction 

U (2)C, N N H, Ot£¥(D?fWfo furnace, (2) Reduction of C, N, H, and O etc. 

<D\&$.tf?rfrti. %2^<D%?E7 impurity is performed, a vacuum arc 

-^S^^.totlCC, N, re-dissolution of the 2nd stage performs C, N, 
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H, Ofc^igtf&Hf V\ f)^m 

io 7 ®u±<Dmftm%¥F&<D& 
w&mxztizTjTJ*^ io M 



H, and 0 etc. reduction further, and it makes 
segregation less by the laminate coagulate. 
The maraging steel manufactured by this 
duplexing method has hardness and the high 
strength, and cleanliness is excellent, 
moreover, since fatigue characteristics are high, 
it is used for many above-mentioned 
applications. 

However, in order that the item as which 
improvement of the ultra-high fatigue 
characteristics more than a 10 7 time is 
demanded may carry out a fatigue breaking 
with about 10 micrometer TiN type inclusion as 
the starting point, improvement of the further 
fatigue characteristics is demanded, in a 
vacuum arc re-dissolution etc., reduction and 
the miniaturization of a TiN type inclusion are 
needed. 



[0004] 



[0004] 



[PROBLEM TO BE SOLVED BY THE 
INVENTION] 

This invention makes it a problem to provide the 
manufacturing method of the Ti-containing steel 
which sets the maximum length of the TiN type 
inclusion to contain to 10 micrometer or less. 



[0005] 



[0005] 



[MEANS TO SOLVE THE PROBLEM] 

In order to solve the above-mentioned problem, 
this inventor is about the micronization method 
of the TiN type inclusion in Ti-containing steel, 
by that a fatigue life will become short if a TiN 
type inclusion becomes bigger from 10 
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micrometer when many things are studied 
about the component composition, the 
manufacture process, etc., and vacuum arc 
re-dissolution 

When dissolved again by that the TiN type 
inclusion contained in the raw material is 
unremovable, that the one method which makes 
a TiN type inclusion small should just make 
quantity of a TiN type inclusion less, and a 
vacuum electro slag solution process, it 
acquired findings, like it can reduce a TiN type 
inclusion. 



[0006] 

tllZltrm * OTiN & £ 

Vo&'h£<1rZz.ktfXZZZ.k, 

ft&m&**<t£Z>Z.kt£}£<Dto 
&*mx*%W*tJ:l,tch(DXh 



[0006] 

Moreover, the thing for which it can reduce the 
TiN type inclusion in the manufactured 
Ti-containing steel if the TiN type interposition 
amount of resources of the raw material for 
Ti-containing steel is made less, in order to 
make less the TiN type interposition amount of 
resources of the raw material for Ti-containing 
steel, if aggregation of a TiN type inclusion is 
prevented during that it is desirable to select a 
raw material carefully and not to include a return 
material and melting, when a TiN type inclusion 
was dissolved by that it can make it small and 
the vacuum arc dissolving-again method, and 
the dissolution rate was quick, it acquired 
findings, like a TiN type inclusion becomes 
bigger, and accomplished this invention. 



[0007] 



[0007] 

That is, in order to solve the above-mentioned 
problem, in the manufacturing method of the 
Ti-containing steel which makes the TiN type 
inclusion of this invention fine, it dissolves the 
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-aTiiNffl^M^4(y^—> / WSr'a raw material for Ti-containing steel (it is more 
*&V^S5j& s S*LI\i ) desirable not to include a return material) which 

MPXifefflU HiabTMitb/c does not contain a TIN type inclusion with a 
liTTiiH$t&®ffi<bLTJl3i£7— ^ vacuum induction furnace, it is dissolving again 
feMfeX&MM'fZ>Z.t'X:&Z> 0 by a vacuum arc solution process by using as 

the electrode the Ti-containing steel materials 

casted and manufactured. 



[0008] 



[0008] 

Furthermore, in order to solve the 
above-mentioned problem, in the manufacturing 
method of the Ti-containing steel which makes 
the TiN type inclusion of this invention fine, it 
dissolves the raw material for Ti-containing steel 
(it is more desirable not to include a return 
material) which does not contain a TiN type 
inclusion with a vacuum induction furnace, it 
dissolves again by a vacuum electro slag 
solution process by using as the electrode the 
Ti-containing steel materials casted and 
manufactured, furthermore, it is dissolving 
again by a vacuum arc solution process by 
using as the electrode the re-dissolution 
material dissolved by this vacuum electro slag 
solution process. 



[0009] 

M%m±.WMl£X*0. 4cm/ ft 



[0009] 

Moreover, in order to solve the 
above-mentioned problem, in the manufacturing 
method of the Ti-containing steel which makes 
the TIN type inclusion of this invention fine, it is 
making melting by the vacuum arc 
dissolving-again method into the speed of 0.4 
cm/min or less at a speed after bath. 



[0010] 



[0010] 
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tt;TiN^^«5Sr^*/«cv>'grn 

-^^fe-CS^-TSi:, TiN 
T*H&LfcTiN##fc<lfc#'>fc 

'X, *»o/jN$V^Ti$H«:$!ljti- 



[OPERATION] 

In the manufacturing method of the 
Ti-containing steel which makes the TiN type 
inclusion of this invention fine, it dissolves the 
raw material for Ti-containing steel which does 
not contain a TiN type inclusion with a vacuum 
induction furnace, depend. 
If a TiN type inclusion can manufacture few 
Ti-containing steel materials and dissolves 
again by a vacuum arc solution process by 
using these Ti-containing steel materials as the 
electrode, it can manufacture small 
Ti-containing steel with them which has few TiN 
type inclusions. 

Furthermore, it dissolves with a vacuum 
induction furnace, the TiN type inclusion casted 
and manufactured dissolves again by a vacuum 
electro slag solution process by using few 
Ti-containing steel materials as the electrode, 
depend. 

A TiN type inclusion is caught by the slag, 
without N 2 in atmospheric air contaminating, it 
can manufacture Ti-containing steel in which 
there are still few TiN type inclusions, and they 
are small. 



[0011] 

Zt\M, C, N N H, Oft£W 
-e#5 0 tit, n&x-Ujrhvx?? 

mmmxftmmLxmmLtcm, 



[0011] 

Moreover, it can carry out C, N, H, reduction of 
an O etc. impurity, micronization of a TiN type 
inclusion, and reduction of segregation by 
dissolving again the electrode dissolved again 
and manufactured by the vacuum electro slag 
solution process by a vacuum arc solution 
process. 

Moreover, by what it makes a dissolution rate 
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O^^^^M<^OT\ TiN 

<5o 



low for as much as possible (it makes speed 
after bath into 0.4 cm/min or less desirably), 
when dissolving again the electrode dissolved 
again and manufactured by the vacuum electro 
slag solution process by a vacuum arc solution 
process, since a pool becomes small and 
shallow, the aggregation time of the TiN type 
inclusion in a pool becomes short, depend. 
It can make a TiN type inclusion fine. 



[0012] 



[0012] 



x-^y^'i(C;0. 010%^ 
T, Si:0. 05%UT, Mn:0. 0 
5%UT. P:006%£IT\ S:0. 
006%J^T\ Ni: 16-26%, Ti: 

o. 1-2. o%&^u &m\^ 

j£CTCo:5~16%, Mo:2— 1 
0%Rt/Al:0. 03-0. 4% (7)5 

te&m),JlS SUH660(C;0. 
08%J£AT, Si:l. 00%WT\M 
n:2. 00%J^T, P:040%£IT, 
S:0. 030%A^T, Ni:24 — 2 
7%,Cr:13. 50-16. 00%, M 
o:l. 00-1. 50%, V:0. 10- 
0. 50%,Ti:l. 90-2. 35%, 
A1:0. 35%J^T, B:0. 001- 
0. 0l0%^t^U BUFeRXJ 

^mftTfmwifrbtezm), p 



[EMBODIMENT OF THE INVENTION] 

Next, it demonstrates this invention in detail. 
The Ti-containing steel which makes fine the 
TiN type inclusion which this invention contains 
is a maraging steel (C;). 

0.010 % or less, Si:0.05 % or less, Mn:0.05 % 
or less, P:006 % or less, S:0.006 % or less, Ni: 
Contain Ti:0. 1-2.0% 16 to 26%, it contains the 
one or more of Co:5-16%, Mo:2-10%, and Al: 
0.03-0.4% as required, steel, JISSUH660 which 
are made up of remainder Fe and a 
unavoidable impurity (C;) 
0.08 % or less, Si:1.00 % or less, Mn:2.00 % or 
less, P:040 % or less, S:0.030 % or less, 
Ni:24-27%, Cr:13.50-16.00%, Mo: 1.00-1 .50%, 
V:0.10 to 0.50%, Ti:1. 90-2.35%, Al: Contain 
0.35 % or less and B: 0.001-0.010%, it is steel, 
a PH stainless steel, etc. which are made up of 
remainder Fe and a unavoidable impurity. 
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[0013] 

£ti5-a rm tip otin^ ftWfo 



[0013] 

The raw material for Ti-containing steel which it 
dissolves with the vacuum induction furnace of 
this invention is a thing which does not contain a 
TIN type inclusion, that is, what all raw materials 
become from a virgin material is desirable. 
The TiN type inclusions in the Ti-containing 
steel which will be manufactured if a return 
material is contained in the raw material for 
Ti-containing steel increase in number, it is 
because a TiN type inclusion becomes bigger 
as a result. 



[0014] 

i*. ngwnxmMxzzmm 
pxhtitt, ^m(Dm&<m><nx 

mmxhv, mmxyfxTiN 
%fr&m*wux%%h(Dx&ti 

2 : 70%, Al 2 0 3 : 30%d»bft#t> 

<DXh&\<\ ^?3I^(coi^T 



[0014] 

As for the vacuum induction furnace which is 
used for this invention, either of ordinary 
structure or special structure is suitable, if it is 
an induction furnace which can dissolve in 
vacuum state. 

Furthermore, the vacuum electro slag solution 
process which it uses for this invention is an 
electro slag solution process which it dissolves 
by vacuum state. 

If a TiN type inclusion can be caught by a 
molten slag, it will not be limited in particular, but 
as a material of a molten slag, what is made up 
of CaF 2 :70% and Al 2 0 3 :30%, for example is 
possible. 

It is more desirable to dissolve at a uniform 
speed, although there is no limitation in 
particular about a dissolution rate. 



[0015] [0015] 

~£.tc s ^^^tc^ffli~5S^T— Moreover, the vacuum arc dissolving-again 
P^-^Mfefe, N, H, Ot£}£ method which it uses for this invention aims at 
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C, N, H, reduction of an 0 etc. impurity, 
micron ization of a TiN type inclusion, and 
reduction of segregation, it is the method of 
dissolving again with an arc in a water-cooled 
copper casting mould in a vacuum by using as 
the electrode the re-dissolution material 
dissolved by the vacuum electro slag solution 
process. 

By this vacuum arc dissolving-again method, if 
the diameter of a water-cooled copper casting 
mould is large and a dissolution rate is quick, 
the pool of molten metal will become bigger, 
and a TiN type inclusion will aggregate and 
become bigger, moreover, segregation also 
becomes bigger, depend. 
The one where the diameter of a water-cooled 
copper casting mould is 30 cm or less and a 
speed after bath is slower than 0.4 cm/min, for 
example, is desirable. 



[0016] 

<5 0 



[0016] 

■Mffil&l&VM-f Next, it demonstrates the Example of this 
invention. 



mmm) 



m&&m$ti<D*&mm no. 

(VIF) -CTfES2<7>#!8 

mm No.is.t^2^iB^bfc«t5 



[EXAMPLES] 

Example 1 

It is the example of this invention of the 
following table 1 about pure titanium, pure 
nickel, a ferromolybdenum, pure cobalt, a pure 
aluminum, and an electrolytic iron. It is the 
example of this invention of the following table 2 
at a vacuum induction melting furnace (VIF) 
about a raw material for Ti-containing steel 
which becomes steel of No. 1 and a component 
composition of two. It dissolves in No. 1 and 
melting time as described in 2, it casted and 
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AR) -CTIBS^fclEiiLfc manufactured the ingot. 

$f#R&&V&M* Wfiftt Let this ingot be the electrode, it dissolved, the 
T-Y^^Vh^iS^Lfco ^co-f^ degree of vacuum as described in the following 
=*yh£<83£&fl&raJE@LTff $ table 2 and the dissolution rate casted by the 
3. 5mm/J>yhn^/w£i^ij|L;fco vacuum arc solution process (VAR), and it 
roa^^jftucBrffiOTiN manufactured the ingot. 
&fr&y9<Djz%&&$\tJZVtd&%: It rolled this ingot between forging post heating, 
£TlBic3<7>^3§PJ^J Uo.lR and manufactured thickness 3.5 mm hot coil. 
Xf2\z.7jkLtc 0 It is the example of this invention of the 

following table 3 about the result of having cut 
this coil and having measured the size of the 
TiN type inclusion of a cross section. It was 
shown in No. 1 and 2. 



[0017] [0017] 

%W&\2 Example 2 

W^^^s $fc—y$'VK yx-v^V. It is the example of this invention of the 

^fV, MTA^ H following table 1 about pure titanium, pure 

fifi^^r^rTtB^lO^^^^iJ nickel, a ferromolybdenum, pure cobalt, a pure 

No.3~50j$&!&J&0)fllK:&S aluminum, and an electrolytic iron. It is the 

£5fr£Ti^ffl IJSOH^&JISflS example of this invention of the following table 2 

^J8^^(VIF)-CTfE^2<7)2|s: at a vacuum induction melting furnace (VIF) 

No.4~6t^ffiicbfcj;9 about a raw material for Ti-containing steel 

feMM$$Ta\X*i@-fflL^ iheLT-'f which becomes steel of a component 

^^yh^^oabfco lO^yF composition of No.3-5. It dissolves in melting 

£rlt4§*i:L s HS^i^hP.*:^ time as described in No.4-6, it casted and 

f&ffife (MQESR) T?TIE^2{c: manufactured the ingot. 

t^Ltc&lM^.^., MMMfg. Let this ingot be the electrode, it dissolves, the 

VMM. 8fieLTfl;1££r$!!iaU degree of vacuum as described in the following 

ZfDM^^M^T— ife (V table 2 and a dissolution rate cast by a vacuum 

AR)T?TfB^2K:iE<ftL;/i:.k5& electro slag solution process (vacuum ESR), 

JI2?i£x f&ffl&I&'Wtiif&s ^3sb and it manufactures the electrode, the degree of 

T^y^Vh^MolfL/eio Z.(D^V vacuum as described in the following table 2 

^yh^igja^Hftf^JEjSLTi?^ and the dissolution rate dissolved and casted 

3. Smm^yh^/^Kjabfco this electrode by the vacuum arc solution 

Ci(D:n^£§]$rLTl$rffiOTiN process (VAR), and it manufactured the ingot. 
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7fcfr : fe$fo(D^£ : %:MfclstzMWz It rolled this ingot between forging post heating, 
£Tf2^3<D;fcf§ WJ No.4~6 and manufactured thickness 3.5 mm hot coil. 
\z.7pVtz 0 It is the example of this invention of the 

following table 3 about the result of having cut 
this coil and having measured the size of the 
TIN type inclusion of a cross section. It was 
shown in No.4-6. 



[0018] 



[0018] 
[TABLE 1] 







G 


Si 


Ua 


S 


Hi 


Mo 


Co 


Tl 


At 


N 




1 


0.003 


0.03 


0.03 


0.001 


18.55 


4.73 


8.85 


0.44 


0.11 


0.0OO9 




2 


0,002 


0.03 


0.03 


0.001 


18.58 


4.75 


8.85 


0.45 


Ml 


0.0010 


3 


0.002 


0.03 


0,01 


a ooi 


18.66 


4.76 


8.88 


0.46 


0. 15 


0.0010 


m 
« 


4 


0.002 


0.03 


0.01 


0.001 


18.73 


4.75 


8.82 


0. 45 


0.H 


0.0009 


5 


0.001 


0.04 


0.01 


0,001 


18.66 


4.72 


8.90 


0. 45 


0. 12 


0,0012 




1 


0.002 


0.03 


0.01 


0.001 


18.69 


4.77 


8.80 


0. 45 


0. 10 


0.0008 


2 


0.007 


0.04 


0.01 


0.001 


18.43 


4. 74 


8.74 


0. 45 


0.12 


0, 0007 


3 


0.004 


0.06 


0.03 


0.001 


18.33 


4.73 


8.80 


0.43 


0.10 


0. 0007 




4 


0.008 


0. 10 


0.04 


0.001 


18.36 


4.90 


8.80 


0.50 


0. 12 


0. 0020 





C 


Si 


Ma 


S 


N] 


Mo 


Co 


Ti 


Al 


N 


E 

1 


Ixample of 
inventio 
0.003 


this 
n 

0.03 


0.03 


0.001 


18.55 


4.73 


8.85 


0.44 


0.11 


0.0009 


2 


0.002 


0.03 


0.03 


0.001 


18.58 


4.75 


8.85 


0.45 


0.11 


0.0010 


3 


0.002 


0.03 


0.01 


0.001 


18.66 


4.76 


8.88 


0.46 


0.15 


0.0010 


4 


0.002 


0.03 


0.01 


0.001 


18.73 


4.75 


8.82 


0.45 


0.11 


0.0009 


5 


0.00 1 


0.04 


0.01 


0.001 


18.66 


4.72 


8.90 


0.45 


0.12 


0.0012 


Com 
1 


parative e: 
0.002 


<ample 
0.03 


0.01 


0.001 


18.69 


4.77 


8.80 


0.45 


0.10 


0.0008 


2 


0.007 


0.04 


0.01 


0.001 


18.43 


4.74 


8.74 


0.45 


0.12 


0.0007 


3 


0.004 


0.06 


0.03 


0.001 


18.33 


4.73 


8.80 


0.43 


0.10 


0.0007 


4 


0.008 


0.10 


0.04 


0.001 


18.36 


4.90 


8.80 


0.50 


0.12 


0.0020 
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[0019] [0019] 
IM2] [TABLE 2] 



a 2 







V I FSW&tt 








Na 


MM'-* 




Torr 






JSSS Torr 




as ±£< t) 


* 


1 


0% 


1755} 






0340 


0. 004 


1 4 1 kg/Hr 


0.32 CB/nin 




2 


0% 


175# 






^340 


0.004 


2 0 2 kg/Hr 


0. 46 cra/n in 




3 


0% 


170# 


150 


256kg/Hr 


0460 


0. 004 


2 1 5 kg/Hr 


0.27 ca/nJn 


« 


4 


0% 


1705J 


150 


255kg/Hr 


0340 


0. 004 


2 2 5 kg/Hr 


0. 52 cm/a in 




5 


0% 


170£ 


150 


257kg/H 


0340 


0. 004 


2 9 0 kg/Hr 


0.67 ca/ttin 


it 
ft 
« 


1 


0% 


165# 






0340 


0, 004. 


2 2 0 kg/Hr 


0.50 cii/bId 


2 


8 1% 


185# 






0340 


0.002 


2 0 5 kg/Hr 


0,47 cis/aift 


3 


8 8% 


180# 






0340 


0.003 


2 0 6 kg/Hr 


0.47 os/aitt 


4 


6 5% 


180# 






0460 


0.004 


2 9 0 kg/Hr 


0.38 oa/nio 





VIF dissolution condition 


Vacuum ESR condition 


VAR condition 


Raw 
material 
return rate 


dissolution 
time 


degree of 

vacuum 

Torr 


dissolution 
speed 


casting 
diameter 


degree 
of 

vacuum 
Torr 


dissolution 
speed 


after bath 
speed 


Exam 
1 
2 
3 
4 
5 

Comf 
1 


pie of this inv 
0% 


ention 
175 min. 






0340 


0.004 


141 kg/Hr 


0.32cm.min 


0% 


175 min. 






0340 


0.004 


202kg/Hr 


0.46cm.min 


0% 


170 min. 


150 


256kg/Hr 


0460 


0.004 


215kg/Hr 


0.27cm.min 


0% 


170 min. 


150 


255kg/Hr 


0 340 


0.004 


225kg/Hr 


0.52cm.min 


0% 


170 min. 


150 


257kg/Hr 


0340 


0.004 


290kg/Hr 


0.67cm.min 


>arative exam 
0% 


ale 

165 min. 






0340 


0.004 


220kg/Hr 


0.50cm.min 


2 


82% 


185 min. 






0340 


0.002 


205kg/Hr 


0.47cm. min 


3 


88% 


1 80 min. 






0340 


0.003 


206kg/Hr 


0.47cm.min 


4 


65% 


1 80 min. 






0460 


0.004 


290kg/Hr 


0.38cm.min 



After bath speed under VAR condition is the increasing speed on dissolution metal in casting mould. 
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[0020] 

mm^mmmm^ (vm xr 

B%2<DltmM No.UClEicUfc: 

^immmmxmmu mmx* 
mmmm&m^xm^. 5mm* 

*tyWrLXmm<DTiN%kfrj£m 



[0020] 

Comparative Example 1 

It is Comparative Example of the following table 

2 at a vacuum induction melting furnace (VIF) 
about the similar raw material for Ti-containing 
steel as Example 1. It dissolves in melting 
time as described in No. 1, it casted and 
manufactured the ingot. 

Let this ingot be the electrode, it is Comparative 
Example of the following table 2 with a vacuum 
arc furnace. It dissolved, casted in the 
degree of vacuum as described in No. 1, and 
the dissolution rate (220 kg/Hr), and 
manufactured the ingot. 

It rolled this ingot between forging post heating, 
and manufactured thickness 3.5 mm hot coil. 
It is Comparative Example of the following table 

3 about the result of having cut this coil and 
having measured the maximum length of the 
TIN type inclusion of a cross section. It was 
shown in No. 1 . 



[0021] 

itWJ2 

Ni, Mo, Fe^-a^-r^y^-^ 
U: 82%, 88%&t>*65%(iti!& 

k mr A^£i8% (\tmm<D 

No. 2), 12% (ttmm<D No. 3), 
35%(Jt&0»JO No.4)/^&5 
TnZ$zl<Dkt%tm<D No.2~40 

mmm*nm$mmn-& (vi 



[0021] 

Comparative Example 2 

The return material containing Ni, Mo, and Fe: 

82%, 88%, and 65% ( No. 3 of Comparative 

Example), they are pure titanium, pure nickel, a 

ferromolybdenum, pure cobalt, and a pure 

aluminum, 18% ( No. 2 of Comparative 

Example) 

Comparative Example of the following table 1 
which is made up of 12% ( No. 3 of 
Comparative Example), and 35% ( No. 4 of 
Comparative Example) It is Comparative 
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F)T±fE^20)Jfctfc0!l0> No.2 Example of the above-mentioned table 2 at a 
~4fclE«JLfc«fc5ft&#NFWI"C vacuum induction melting furnace (VIF) about a 
UtT&LX'il'^yh&ffllk raw material for Ti-containing steel which 
Lfco wC'l'^yh^tiiU X becomes steel of a component composition of 
^»#Pife(VAR)t?±IB* No.2-4. It dissolves in melting time as 
2lcflE<ftUt«fc5&JI£^ described in No.2-4, itcasted and manufactured 
MfeVfeM, m^LX^^yh^ the ingot. 

S^ittfcio CitfM^yh&JBvvr Let this ingot be the electrode, it dissolved, the 
MM$\lt\p\Ut£jji&X\n\ffit£ degree of vacuum as described in the 
J¥£3. 5mm<7>jJ^h=MVu&$!|:|f above-mentioned table 2 and the dissolution 
Ltc 0 /i-lttyWr LT^fffi rate casted by the vacuum arc solution process 

<DTiN%tfrfey!KD%jz&&&Wl (VAR), and it manufactured the ingot. 
^L/c&£;^:£±fE^2tf)j£!£#jI It manufactured the hot coil of similar thickness 
No.2~4tc^Ufc: 0 3.5 mm by the similar method as Example 1 

using this ingot. 

It is Comparative Example of the 
above-mentioned table 2 about the result of 
having cut this coil and having measured the 
maximum length of the TiN type inclusion of a 
cross section. It was shown in No.2-4. 



[0022] 
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[*3] 



[TABLE 3] 





Nol 




T i N$Afttt<D**:ft3 


* 

m 


1 


VIF-^VAR 


6*8 am 


2 


V I F-VAR 


9.7 Aim 


3 


V I F->VSR-*VAR 


7.5 a ra 


4 


// 


8.6 ara 


5 


// 


9.8 /itn 


it 
w 


1 


V I F-VAR 


12.5 am 


2 


// 


i 5. 0 am 


3 


tf 


12.5 am 


4 


// 


15,0 am | 





dissolution method 


maximum length of 
Ti type inclusion 


Example of 
this invention 
1 


VIF - VAR 


6.8 am 


2 


V1F — VAR 


9.7 fJ m 


3 


VIF - VSR - VAR 


7.5 U m 


4 


VIF — VSR -* VAR 


8.6 Um 


5 


VIF — VSR — VAR 


9.8 /im 


Comparative 
example 
1 


VIF - VAR 


12.5 am 


2 


VIF — VAR 


15.0 //m 


3 


VIF — VAR 


12.5 am 


4 


VIF — VAR 


15.0 am 



[0023] [0023] 

Z.tibf& From a these result, the maximum length of Ti 

dTi^^&^jcoft^rft^fi, 6. type inclusion of the example of this invention is 

8~9. 8 u mTfcl9, fatl/blO # 6.8 to 9.8 micrometer. 

mJ^TTfcofco ~ tUd^tLT, All were 10 micrometer or less. 

&%t.W(Dh<D<DTi%!j\-&y!)<DMc On the other hand, the maximum length of Ti 
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12. 5-15. Ojjmt 
fee *^ VARtd*3»t5tt3t©^ 
0. Acm/'dXS) 



type inclusion of Comparative Example is 12.5 

to 15.0 micrometer. 

All were over 10 micrometer. 

Moreover, although a speed of casting in VAR 

after bath was slower than 0.4 cm/min and the 

way was earlier than 0.4 cm/min, the maximum 

length of a TIN type inclusion was short more. 



[0024] 



[0024] 



^OTiN^^#l<7)ft±S^?rl 

<5o 



[ADVANTAGE] 

The manufacturing method of the Ti-containing 
steel which made the TiN type inclusion of this 
invention fine can have the outstanding effect 
that it can set the maximum length of the TiN 
type inclusion in Ti-containing steel to 10 
micrometer or less, by having made it the 
above-mentioned composition. 



[AMENDMENTS] 



[Sttt P ] [SUBMISSION DATE] 

¥J&12^1£ 31 0 (2000. 1. 3 (2000.1.31) 
1) 



[^ttffijEl] 



[AMENDMENT 1] 



[AMENDED SECTION] SPECIFICATION 



miEM^m^^] 0020 



[AMENDED ARTICLE] 0020 



[METHOD OF AMENDMENT] REWRITE 
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[CONTENTS OF AMENDMENT] 

[0020] 

[TABLE 3] 





Na 






* 
ft 

m 


1 


V I F-VAR 


8. 


8 


u m 




V I F-VAR 


9. 


7 


u m 


3 


V I F-^MESR-VAR 


7. 


5 


a m 


« 


4 




8. 


6 


/im 


5 




9, 


8 


M m 


ft 


1 


V1P-VAR 


1 2. 


5 


/i m 


2 


** 


i 5. 


0 


M m 


3 


» 


1 2. 


5 


^ m 


4 




1 5. 


0 


m 





dissolution method 


maximum length of 
Ti type inclusion 


Example of 
this invention 
1 


VIF -» VAR 


6.8 v m 


2 


VIF — VAR 


9.7 fim 


3 


VIF - Vacuum ESR - VAR 


7.5 U m 


4 


VIF - Vacuum ESR - VAR 


8.6 |/ m 


5 


VIF — Vacuum ESR - VAR 


9.8 [i m 


Comparative 
example 
1 


VIF - VAR 


12.5 Mm 


2 


VIF - VAR 


15.0 ^m 


3 


VIF — VAR 


12.5 //m 


4 


VIF — VAR 


1 5.0 // m 



[MiErt^] 

[0020] 

[S3] 
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[AMENDMENTS] 



[mm S ] [SUBMISSION DATE] 

¥/&12^2J3 1 0 (2000. 2. 1) (2000.2.1) 

[fllll] [AMENDMENT 1] 

mJEM^mm^] Wmm [AMENDED SECTION] SPECIFICATION 

[ffijEMMt.mB%] mW(D%m [AMENDED ARTICLE] TITLE 

[MlE^fe] [METHOD OF AMENDMENT] REWRITE 

[MlEl*l^] [CONTENTS OF AMENDMENT] 

[%W<D%m [TITLE OF THE INVENTION] 

TiN^jYfefyi&WMteir&S The manufacturing method of the Ti-containing 

Tii^coM3s^& steel which makes a TiN type inclusion fine 
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